Over the years, Salmonella Heidelberg (SH) has gained prominence in North America poultry production and in the poultry production of other countries. Salmonella Heidelberg has been isolated and reported from poultry and poultry products in Brazil since 1962, whereas Salmonella Enteritidis (SE) has only emerged as a serious problem in poultry and public health since 1993. These strains of Salmonella can cause intestinal problems in newly hatched chicks, and infection may persist until adulthood. Upon slaughter of chickens, Salmonella can contaminate carcasses, a condition that poses a threat to human health. The aim of this study was to compare the fecal excretion of Salmonella Enteritidis and Salmonella Heidelberg in newly hatched chicks (orally inoculated with 10 5 ufc/mL each) until 20 days of age. In addition, the ratio of cecal villus height:crypt depth (morphometry) and liver and cecum cell counts was analyzed in chicks ranging from 0 to 3 days of age and infected with these two Salmonella strains. One hundred seventeen chicks were separated into one of three experimental groups: a control group, an SEinfected group and an SH-infected group. Eight chicks per group were euthanized at 6, 12 and 72 hours post-inoculation (pi) to allow for Salmonella isolation from the liver and cecum and for the collection of the cecum for villi and crypt analysis. Other birds were allowed to mature to 20 days of age and cloacal swabs were taken at 2, 6, 13 and 20 days pi to compare the fecal excretion of inoculated strains. The
INTRODUCTION
Many strains of Salmonella are zoonotic agents, infecting humans through contaminated animal origin food products. In humans, salmonellosis is one of the most common causes of food poisoning . The most common serovars causing disease in humans are Salmonella Enteritidis and Salmonella Typhimurium. In recent years, Salmonella Heidelberg has gained prominence in North America and has also been found in the poultry production of other countries. Salmonella is commercially important in laying hens, turkeys and broiler chickens because of increase in meat and eggs production (3, 9, 20) . Salmonella Heidelberg has been isolated and reported from poultry and poultry products in Brazil since 1962 (14) , 
MATERIALS AND METHODS

Chicks:
Recently hatched commercial Ross chicks were obtained from a Brazilian poultry company. All chicks were Salmonella free, hatched from breeders, unvaccinated against Salmonellae and were housed in battery cages. All cages were placed in the same room in three different sectors, and management of the sectors was performed separately to avoid cross-contamination. Water and feed free from antibiotics and animal protein were given ad libitum, and the environmental temperature was set to ensure chick physiological comfort. CFU/mL. Samples that were negative after direct plating but positive for Salmonella after enrichment were presumed to contain less than 10 CFU/mL and were given a value of 0.699 log 10 during statistical analysis. Samples that were negative after direct plating were presumed to contain 0 CFU/mL.
Regarding cecum and liver samples collected at necropsy (21 day old chickens), 25 grams of each organ was added to 225 mL of BPW in sterile plastic bags and homogenized for 2 minutes. The procedures for counting or isolation were the same as described above.
Histological examination and villus and crypt analysis:
Cecum samples were fixed in 4% phosphate-buffered Electron microscopy: Cecum sections were collected to perform scanning photomicroscopy analysis. These sections were processed as described by Maiorka et al. (17) .
Statistical analysis: Data were submitted for analysis of variance using StatView SAS software (1992-98-SAS Institute
Inc. USA) and means were compared using the Tukey test at a 5% significance level (P<0,05).
RESULTS
Salmonella isolation and villi height:crypt depth analysis.
Quantification of Salmonella per gram of cecum and liver and the relationship between villi height and crypt depth were analyzed for 72 hours pi with two different Salmonella strains, serovars Enteritidis (SE) and Heidelberg (SH). The control group was not infected with Salmonella. At 6 hours pi, the two strains were present in the cecum and liver. SH had a higher CFU/g count in the cecum at 12 hours pi than did SE, but no Salmonella Heidelberg and Salmonella Enteritidis following broiler chick inoculation difference was observed in number of cells in the liver between the two strains (Table 1) . For the villus height:crypt depth ratio, the SE and SH groups were significantly different from the control group (Table 2) . 
Salmonella Enteritidis and Salmonella Heidelberg
Fecal Excretion: The SH strain at 2 days pi showed a higher cell count than the SE strain, which could only be counted after selective enrichment. At 6 days pi, the strains showed no difference in the number of cells excreted in the cloacal swabs.
6 days pi, the SE strain showed higher levels of excretion than the SH strain (Table 3 and Figure 4 ). From the direct agar plate (DAP), it was possible to determine that the SH group had a high number of positive birds at 2 days pi, whereas the SH positive birds showed a gradual increase in total numbers according to the DAP. Due to the individual identification of birds in the groups, it was possible to observe that all birds were positive for Salmonella at some point during the experiment. At the necropsy performed 21 days pi, all birds were found to be positive for SH or SE in the liver, while the cecum bacterial counts were higher in the SH group than in the SE group. Means and standard deviation to bacterial counts into the cecum were 1.34 ± 1.37 for SE and 2.96 ± 1.52 for SH, with p<0.05 between the two groups. Data obtained from analyses of the cecal contents did not correlate with the results from the last cloacal swab taken one day before euthanasia.
Electron microscopy: Figure 1 shows the cecum scanning photomicroscopy of birds from the control group, and some injured areas are apparent. (16, 22) . In the present study, we also found cell counts from the cecum to be higher than in the liver for chicks infected with SE and SH ( Table 1 According to Nabburs (19) , under optimal circumstances, intestinal villi should be high and crypts should be shallow, resulting in a high villus height to crypt depth ratio. In the present work, from 0 to 3 days pi, SE and SH groups had low villus height:crypt depth ratios when compared to the control group, possibly because of SE and SH damage caused to the Salmonella Heidelberg and Salmonella Enteritidis following broiler chick inoculation intestinal mucosa. Reductions in the villi height:crypt depth ratios can occur due to intestinal pathogen infection and are seen under other certain conditions in poultry, including after feed withdrawal (25) and in response to some feed additives that are used during growout (8, 12, 21) . These changes have been attributed to reduced cell migration and proliferation rates, along with increased rates of cell loss and programmed cell death (7).
Intestinal mucosa alterations found in this work may have 
Infection of newly hatched chicks with Salmonella
Enteritidis by oral inoculation or by horizontal contact exposure can lead to the establishment of intestinal colonization that persists into adulthood (10) because of the ability of this pathogen to replicate inside host cells, most prominently in phagocytic cells such as macrophages (13) . In our study, SE and SH strains were inoculated in chicks, and cloacal swabs were taken until 20 days of age. As with previous trials utilizing these two strains (2), the birds infected with SE excreted a very low Salmonellae number at 2 days pi (Table 3) .
Initially, the SH group had the highest bacterial counts from the cloacal swabs, but this number decreased over time until 20 days pi. In contrast, birds with SE showed an increase in the number of positive birds and cell counts throughout the trial. Table 3 
